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(54) Electrical contacting device for an electrochemical fuel cell 


(57) An electrical contacting device for a fuel cell as- 
sembly comprises a printed circuit board comprising 
electrically conductive regions for providing reliable 
electrical contact with fuel cell components of the fuel 


cell assembly. Preferably the printed circuit board is flex- 
ible. The contacting device may be used, for example, 
for monitoring cell operating parameters like current or 
voltage, for short circuiting or by-passing individual cells 
or for directing signals to the stack. 
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Description 

Cross-Reference to Related Application 

[0001] This application is related to and claims priority 5 
benefits from U.S. Provisional Patent Application Serial 
No. 60/107,608 filed November 9, 1998, entitled "Elec- 
trical Contacting Device For An Electrochemical Fuel 
Cell". The '608 provisional application, incorporated 
herein by reference in its entirety, describes an electrical 
contacting device comprising a printed circuit board 
comprising electrically conductive regions for providing 
reliable electrical contact with fuel cell components of a 
solid polymer fuel cell stack. 

Field Of The Invention 

[0002] The present invention relates to an electro- 
chemical fuel cell assembly. More particularly, the 
present invention relates to an electrical contacting de- 
vice for a solid polymer fuel cell stack. 

Background Off The Invention 

[0003] Electrochemical fuel cells convert fuel and ox- 
idant to electricity and reaction product. Solid polymer 
electrochemical fuel cells generally employ a mem- 
brane electrode assembly ("MEA") consisting of a solid 
polymer electrolyte or ion exchange membrane dis- 
posed between two electrode layers. 
[0004] In typical fuel cells, the MEA is disposed be- 
tween two electrically conductive separator or fluid flow 
field plates. Fluid flow field plates have at least one flow 
passage formed therein to direct the fuel and oxidant to 
the respective electrode layers, namely, the anode on 
the fuel side and the cathode on the oxidant side. In a 
single cell arrangement, fluid flow field plates are pro- 
vided on each of the anode and cathode sides. The 
plates act as current collectors and provide support for 
the electrodes. 

[0005] Two or more fuel cells can be connected to- 
gether, generally in series but sometimes in parallel, to 
increase the overall power output of the assembly. In 
series arrangements, one side of a given plate may 
serve as an anode plate for one cell and the other side 
of the plate can serve as the cathode plate for the adja- 
cent cell. Such a series connected multiple fuel cell ar- 
rangement is referred to as a fuel cell stack, and is typ- 
ically held together in its assembled state by tie rods and 
end plates. A compression mechanism is generally re- 
quired to ensure sealing around internal stack manifolds 
and flow fields, and also to ensure adequate electrical 
contact between the surfaces of the plates and mem- 
brane electrode assemblies to provide the serial electri- 
cal connection among the fuel cells which make up the 
stack. 

[0006] In most fuel cell assemblies, current is drawn 
from the fuel cell stack via a pair of bus plates, one of 


which is positioned at each end of the fuel cell stack. 
The fuel cells are stacked between the bus plates, which 
are typically made of copper or coated copper. Very of- 
ten individual cells of the stack are contacted for moni- 
toring individual cell voltages or currents, and/or for con- 
trol or charging/discharging purposes. In most cases, 
these electrical contacts are not intended to carry the 
entire stack current, but are to be capable of providing 
electrical connection to individual fuel cells or groups of 
cells. 

[0007] In mass production, an electrical contacting 
device is needed which is easy to handle and to install, 
and which provides reliable electrical contact with cer- 
tain components of a fuel cell stack. It may be desirable 
to provide, in a single device, groups of contacts that 
always communicate with the same type of fuel cell 
component within the stack, or which contact the fuel 
cell stack at regularly spaced intervals along the length 
of the stack. In general, it is preferred that most compo- 
nents of the fuel cell stack are not readily electrically ac- 
cessible from the outside because of electrical shock 
hazards. For this reason, fuel cell stacks often have 
some kind of electrically insulating cover or housing. 
[0008] In operation, fuel cells expand and contract 
due to thermal variations, internal pressure changes 
and gradual compression of cell components overtime. 
Thus, in a fuel cell stack where a plurality of cells are 
stacked and electrically connected in series, the overall 
stack length may vary significantly overtime. Preferably 
a contacting device can accommodate such dimension- 
al changes, for example, it may be designed to have a 
similar thermal expansion coefficient to components of 
the particular fuel cell stack. 

[0009] Furthermore, depending on the application, a 
fuel cell stack may be subject to vibration. In these sit- 
uations, the contacting device will only be effective if re- 
liable electrical contact is maintained when the fuel cell 
is subject to vibration. 

[0010] High currents may be generated by an opera- 
tional fuel cell stack. The changing electrical current 
may induce electromagnetic fields around the stack. 
Signals transmitted by the contacting device are often 
low both in voltage and current. Thus, unless appropri- 
ate precautions are taken, the contacting device may be 
subject to electromagnetic interference caused by the 
fuel cell stack itself and also other system components 
which may be present, such as electric motors and pow- 
er conditioning devices. 

[0011] Space is often at a premium in fuel cell sys- 
tems, especially for example in automotive and portable 
applications. A contacting device for a fuel cell stack with 
a thin profile (i.e. a sheet or board) may be easier to 
accommodate than a more bulky contacting device hav- 
ing significant thickness in all three dimensions. The 
contacting device may also have to withstand the oper- 
ating fuel cell environment which may be, for example, 
a moist and/or an acidic or alkaline environment. 
[0012] Thus, there is a need for a fuel cell contacting 
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device which satisfies some, or preferably all, of the 
above requirements. 

Summary Of The Invention 

[0013] An electrical contacting device for a fuel cell 
assembly comprises a circuit board comprising electri- 
cally conductive regions for electrically contacting fuel 
cell components of the fuel cell assembly. Preferably the 
circuit board is a printed circuit board which is flexible, 
rather then being substantially rigid. Typically, the circuit 
board comprises at least two layers, with one of the lay- 
ers being an electrically insulating carrier layer upon 
which one or more other layers, such as electronic cir- 
cuits, are disposed. The flexibility of the circuit board 
may be enhanced by forming openings within the carrier 
layer. The electrically conductive regions and associat- 
ed electrically conductive paths are usually formed in a 
layer disposed upon at least one planar surface of the 
carrier layer. In some embodiments, electrically conduc- 
tive paths are each connected to a different electrically 
conductive region, and the electrically conductive paths 
are formed in a plurality of the circuit board layers, which 
are preferably two layers that are associated with oppo- 
site planar surfaces of the carrier layer. An electromag- 
netic shielding layer may be incorporated into the mul- 
tilayer circuit board. 

[0014] The surfaces of the electrically conductive re- 
gions of the circuit board may be rough, or may include 
anchors, such as, for example, pins, studs, pegs, or oth- 
er attachment means, to improve or facilitate their elec- 
trical contact with the fuel cell components. The electri- 
cally conductive regions may be covered or coated with 
an electrically conductive film with lower material resist- 
ance than the material resistance of the underlying ma- 
terial. Preferably the film is corrosion resistant. 
[001 5] An improved fuel cell assembly comprises a fu- 
el cell stack with an electrical contacting device mounted 
on a face of the stack. The electrical contacting device 
preferably comprises a flexible printed circuit board with 
electrically conductive regions which are in electrical 
contact with fuel cell components of individual cells or 
groups of cells of the stack. 

[0016] The circuit board may be fastened to the stack 
using any type of fastener, for example, screws, bolts, 
pins, pegs, clips, clamps or rivets. In addition, or alter- 
natively, the fuel cell assembly may comprise a com- 
pression device for urging the circuit board against the 
face of the stack. In other embodiments, the circuit 
board may be in interlocking engagement with compo- 
nents of the stack, or may be bonded to the stack. In yet 
another embodiment, the circuit board may be utilized 
as an diagnostic tool which is attached to the stack only 
when it is being repaired or during regular service 
checks. 

[0017] Preferably the circuit board and the fuel cell 
stack have similar thermal expansion factors. 


Brief Description Of The Drawings 

[0018] Fig. 1 is a schematic sectional view of a first 
embodiment of a fuel cell assembly incorporating an 
5 electrical contacting device. 

[001 9] Fig. 2 is a schematic sectional view of a second 
embodiment of a fuel cell assembly incorporating an 
electrical contacting device. 

[0020] Fig. 3 is a cross-sectional view of the fuel cell 
10 assembly of Fig. 2, along line 3 of Fig. 2. 

[0021] Fig. 4 is a schematic illustration of one face of 
an electrical contacting device with two different forms 
of electrical conduits. 

[0022] Fig. 5 is a plan view of one embodiment of a 
15 circuit board comprising a transparent carrier layer with 
electrical conduits provided on opposite planar surfaces 
of the carrier layer. 

[0023] Fig. 6 is the same plan view of the circuit board 
of Fig. 5, wherein Fig. 6 shows only the electrical con- 
20 duits on the top planar surface of the carrier layer. 
[0024] Fig. 7 is the same plan view of the circuit board 
of Fig. 5, wherein Fig. 7 shows only the electrical con- 
duits on the bottom planar surface of the carrier layer. 

25 Detailed Description Of Preferred Embodiments 

[0025] Fig. 1 is a schematic sectional view of a fuel 
cell assembly 122 comprising an electrical contacting 
device 100. A plurality of solid polymer fuel cells, each 

30 comprising a membrane electrode assembly 116 inter- 
posed between a pair of separator or reactant distribu- 
tion (flow field) plates 1 1 4, make up an illustrated portion 
of fuel cell stack 120. A current collector or bus plate 112 
is positioned at one end of stack 120 (another bus plate 

35 js at the other end, not shown). The bus plate 112 is 
often fabricated out of a metal. Alternatively, bus plate 
112 may be fabricated from a current conducting com- 
posite resin. Preferably the bus plate incorporates one 
or more fasteners 118 for securing contacting device 

40 100 to one face of stack 120. Fasteners 118 may be, for 
example, rods, pins, studs, screws, clips, pegs or bolts. 
In the illustrated embodiment, contacting device 100 
comprises a carrier layer or support sheet 102 and a 
plurality of electrically conductive regions 106. Carrier 

45 layer 1 02 bears two kinds of layers on one face thereof. 
Layers 106 are electrically conductive. Layers 104 are 
made of an electrically insulating material, and separate 
the electrically conductive layers 106. A preferable ma- 
terial for the conductive layers is a metal. In the embod- 

50 jment of Fig. 1 insulating layers 104 are compressible 
and resilient. Electrically conducting layers 106 are each 
in physical and electrical contact with the edge of an 
electrically conductive separator plate 1 1 4. On the other 
side of carrier layer 102 is a resilient cushion 108. This 

55 can co-operate with a case or housing 110 disposed 
around the complete fuel cell assembly, to urge contact- 
ing device 100 against fuel cell stack 120. In case the 
fuel cell generates high currents, additional layers (not 
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shown) on one or both sides of the carrier layer 102 can 
serve as electromagnetic shields. 
[0026] In Fig. 2, a fuel cell assembly 222 similar to that 
of Fig. 1 is illustrated. Assembly 222 comprises electri- 
cal contacting device 200, and a solid polymer fuel cell 5 
stack, comprising a plurality of solid polymer fuel cells. 
A portion 220 of the stack is shown, with each cell com- 
prising a membrane electrode assembly 21 6 interposed 
between a pair of separator or reactant distribution (flow 
field) plates 214. Bus plate 212 with one or more fasten- 
ers 218, is positioned at one end of stack 220. Again, 
contacting device 200 comprises a carrier layer 202, a 
plurality of electrically conductive regions 206 and a plu- 
rality of electrically insulating layers 204 separating 
electrically conductive layers 206. 
[0027] In the schematic of Fig. 2 a housing around the 
fuel cell assembly is omitted. Carrier layer 202 is of a 
sufficient thickness and strength to withstand impacts 
and protect the fuel cell stack 220. In this embodiment, 
fuel cell stack 220 includes different types of separator 
plates, 214a and 214b. One distribution plate (214a) of 
every pair protrudes relative to the remaining plates 
(214b) and membrane electrode assemblies 216. Pro- 
truding plates 214a are in electrical contact with electri- 
cally conductive regions 206 of contacting device 200. 
In an alternative embodiment (not shown) the contacted 
plates are recessed relative to the rest of the face of the 
stack 220, and electrically conductive portions of the 
contacting device protrude to contact these recessed 
plate edges. In Fig. 2 an additional electromagnetic 
shielding layer 224 covers carrier layer 200. 
[0028] A cross-sectional view along line 3 of Fig. 2 is 
shown in Fig. 3. For a better understanding, Fig. 3 differs 
slightly from an exact cross-section along line 3. The 
electric contact in contacting device 200' comprises at 
least two parts, a contacting region 206' and a contact- 
ing path 225', a portion of the latter being superposed 
by insulating layer 204'. Where applicable a plug or an 
on board circuit, like a semiconductor, is mounted in 
electrical contact with regions 206' and paths 225' of the 
contacting device 200' and disposed upon carrier layer 
202'. 

[0029] Fig. 4 illustrates two embodiments of the active 
face of substantially planar electrical contacting devices 
400, 400', with two possible arrangements of electrically 
conducting regions 406, 406' and paths 425, 425' on a 
carrier layer 402, 402' in plan view. Desirably, the elec- 
trical paths 425, 425' converge in a narrower section of 
the device which, in practice, is in an accessible, con- 
venient location in the overall fuel cell assembly. The 
shape and pattern of electrical paths 425, 425' can be 
varied as desired. The contacting regions 406, 406' also 
can be of different forms and shapes. A path with me- 
andering portion, such as illustrated at 430' may be in- 
corporated to provide additional flexibility in path length 
in case the carrier layer and electric path 425' have dif- 
ferent thermal expansion factors. In case the flexibility 
of the flexible circuit board (e.g. PCB) has to be further 


6 

increased, slots, openings or expansion cut-outs 428' 
between the electric conductive regions 406' can be 
formed in the carrier layer. The other end of the paths 
425, 425' terminated with additional contacting regions 
409 or with connectors or hooks 424', respectively, or 
with integrated circuits (not shown). The carrier material 
around the connectors can be reinforced by semi-flexi- 
ble circuit boards. Optionally, openings 426' are provid- 
ed for positioning the contacting device on the stack or 
sub-stack. The holes may, for example, engage with fas- 
teners integrated in the stack end-plates or bus plates. 
[0030] Fig. 5 illustrates in plan view an embodiment 
of a substantially planar circuit board 500. Circuit board 
500 comprises two oppositely facing substantially pla- 
nar surfaces with electrically conductive layers associ- 
ated with each planar surface. To show the electrically 
conductive paths on both planar surfaces, carrier layer 
502 is made transparent in Fig. 5. In the illustrated em- 
bodiment, a single electrically conductive path 525 con- 
nects each electrically conductive region 506 to a single 
hook or connector 524. Connectors 524 are arranged in 
close proximity to each other at a location where it is 
convenient to attach an electrical connector (not 
shown). The close proximity of connectors 524 reduces 
the requisite size of the electrical connector that attach- 
es to connectors 524. 

[0031] Transparent carrier layer 502 prevents electri- 
cal contact between electrical paths 525 that cross each 
other. In the illustrated embodiment, as shown in Figs. 
6 and 7, adjacent electrically conductive regions are 
connected to electrically conductive paths on opposite 
surfaces of carrier layer 502. 

[0032] The electrically conductive regions further 
comprise electrically conductive pins or spikes 508 
which assist in making contact with the fuel cell compo- 
nents. Fuel cell components such as, for example, sep- 
arator plates may vary in thickness, within manufactur- 
ing tolerance limits. Pins 508 provide a connector be- 
tween the electrical contacting device and the fuel cell 
stack that is more adaptable to accommodate such di- 
mensional variability. Pins 508, when inserted into the 
fuel cell components, also ensure electrical contact and 
help to maintain an electrical connection when the as- 
sembly is subjected to vibrational loading or when there 
might be differences between the expansion or contrac- 
tion of the fuel cell stack and the circuit board. 
[0033] The embodiment of Fig. 5 also comprises fas- 
tening points 526 for attaching the electrical contacting 
device to the fuel cell assembly. Fastening points 526 
are holes for receiving fasteners. A resilient cushion, 
such as the one shown in Fig. 1 may be used in addition 
to the fasteners or in substitution therefor. 
[0034] The electrical contacting device may be per- 
manently connected to the fuel cell assembly, but pref- 
erably it is removably attached so that it can be removed 
for servicing the electrical contacting device or the fuel 
cell assembly. Alternatively, the removable electrical 
contacting device may be employed only as a diagnostic 
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tool which is attached to the fuel cell assembly during 
servicing or periodic maintenance checks. Accordingly, 
removable fasteners are preferably employed, such as, 
for example, screws. 

[0035] In the preferred embodiment of Fig. 5, the elec- 5 
trical contacting device further comprises a series of ex- 
pansion cut-outs which improve the flexibility of carrier 
layer 502 and the electrical contacting device as a 
whole. 

[0036] Another feature of the embodiment of Fig. 5 
(and Fig. 4) is that electrically conductive regions 506 
(406) are sufficiently spaced apart so as to not require 
insulating regions therebetween. 
[0037] Figs. 6 and 7 illustrate two different electrically 
conductive layers of the same electrical contacting de- 
vice shown in Fig. 5 and like features are identified by 
like reference numerals. 

[0038] Fig. 6 is the same plan view shown in Fig. 5, 
except that carrier layer 502 is shown opaque so that 
the electrically conductive layer on the opposing planar 
surface of carrier layer 502 is not visible in this view. The 
electrically conductive regions 506, (not shown in Fig. 
6, but shown in Fig. 5 and 7), are located on the opposite 
planar surface of carrier layer 502 and holes 510 in car- 
rier layer 502 have an electrically conductive material 
disposed therein to form part of the continuous electri- 
cally conductive paths 525 from every other electrically 
conductive region 506 to a respective hook or connector 
524. 1 n this embodiment, each one of the electrical paths 
525 ends at a connector 524 on the depicted side of car- 
rier layer 502. Holes 512 which also have an electrically 
conductive material disposed therein form part of the 
continuous electrical path from the electrically conduc- 
tive paths 525 which are partly disposed on the opposite 
planar surface (not shown in Fig. 6, but shown in Figs. 
5 and 7). 

[0039] Fig. 7 shows only the conductive layer associ- 
ated with the planar surface opposite to the surface 
shown in Fig. 6. The view in Fig. 7 is the plan view of 
the conductive layer as it would been seen if viewed 
through a transparent carrier layer so that the connec- 
tions between the electrical paths on the opposite planar 
surfaces may be more easily recognized. Electrically 
conductive regions 506, pins 508, holes 512, connec- 
tors 524, and portions of electrically conductive paths 
525 are shown in this view. 

[0040] When a contacting device is being installed in 
a fuel cell assembly, the contacting device may be 
placed on a face of the fuel cell stack and secured using, 
for example, screws, bolts, nuts or compression devic- 
es. Instead of fasteners the contacting device may be 
fixed to the stack or engaged with it by means of surface 
elevations and depressions in the fuel cell stack and its 
plates. The stack with the contacting device in place 
may then be inserted in a housing if an additional cover 
around the stack is desired. Because the electrical con- 
tacting device can comprise a single piece, it can be 
easily positioned during manual or automatic assembly. 


[0041] One material suitable for use in a flexible circuit 
board is a polyimide such as that known as FR produced 
by Ruwel-Werke, Germany. A circuit board of this kind 
may have a thickness of 0.25 mm with a conductive lay- 
er of 0.04 mm. The conductive material is typically a 
nickel/gold alloy. However, the Brinell hardness is rela- 
tively high in comparison to other brands, and ranges 
between HB 70 and 100. Tests have proven that the 
thermal expansion factor (between a 1 = 1 * 10~ 5 / 1 °K 
and 7 * 1 0" 5 / 1 °K) of the carrier material is similar to 
the thermal expansion factor otg between 3 * 10" 5 / 1 °K 
and 1 * 10" 4 / 1 °K of a typical fuel stack comprising pri- 
marily graphite plates. 

[0042] Another suitable material is a Kapton® polyim- 
ide-foil sold by DuPont Electronics under the tradename 
pyralux® teclam®. This material may be preferred for 
certain applications. The film thickness of the carrier ma- 
terial ranges from 12.5u.rn to 125u,m, and it has a copper 
layer of the same thickness. A thin adhesive layer binds 
these two layers. Tests have shown that the polyimide- 
foil material provides good dielectric strength of up to 
150 kV/mm. The material is especially applicable for sol- 
id polymer fuel cells operating at higher than typical tem- 
peratures, for example, around 150°C. The material is 
resistant to the typical fluids used in automotive appli- 
cations like gasoline, oil and transmission fluid. It may 
be advisable to coverthe electrically conductive regions 
with another electrically conductive film to either lower 
the material resistance or to protect the regions against 
corrosion. 

[0043] In operation, the contact regions of the contact- 
ing device should remain in reliable contact with the de- 
sired components of the fuel cell stack (usually the 
plates). Preferably they have substantially similar ther- 
mal expansion factors as the stack (in the stacking di- 
rection). Additionally, formations on the edge face of the 
fuel cell stack may help in securing the contacts to the 
desired fuel cell components. A contacting device com- 
prising a flexible board may be shaped in the exact form 
of the edge face of the fuel cell stack. 
[0044] The contacting device can be used, for exam- 
ple, for monitoring operating parameters like current or 
voltage, for short circuiting or bypassing individual cells 
or for directing signals to the stack or modulating oper- 
ation of the cells. 

[0045] While particular elements, embodiments and 
applications of the present invention have been shown 
and described, it will be understood, of course, that the 
invention is not limited thereto since modifications may 
be made by those skilled in the art, particularly in light 
of the foregoing teachings. It is therefore contemplated 
by the appended claims to cover such modifications as 
incorporate those features which come within the spirit 
and scope of the invention. 
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Claims 

1. An electrical contacting device for an electrochem- 
ical fuel cell assembly wherein said contacting de- 
vice comprises a circuit board comprising electrical- 
ly conductive regions for electrically contacting fuel 
cell components of said fuel cell assembly. 

2. The electrical contacting device of claim 1 wherein 
said circuit board is a printed circuit board. 

3. The electrical contacting device of claim 2 wherein 
said circuit board is a flexible printed circuit board. 

4. The electrical contacting device of claim 1 wherein 
said circuit board comprises at least two layers. 

5. The electrical contacting device of claim 4 wherein 
one of said at least two layers is an electrically in- 
sulating carrier layer upon which one or more other 
layers are disposed. 

6. The electrical contacting device of claim 4 wherein 
one of said at least two layers comprises said elec- 
trically conductive regions and electrically conduc- 
tive paths wherein at least one of said regions is 
electrically connected to at least one of said paths. 

7. The electrical contacting device of claim 1 wherein 
said circuit board comprises a carrier layer and 
electrically conductive layers associated with oppo- 
site surfaces of said carrier layer, wherein each one 
of said electrically conductive layers comprises at 
least one electrically conductive path connected to 
one of said electrically conductive regions. 

8. The electrical contacting device of claim 4 wherein 
one of said at least two layers is an electromagnetic 
shielding layer. 

9. The electrical contacting device of claim 1 wherein 
said electrically conductive regions have a rough 
surface for electrically contacting said fuel cell com- 
ponents. 

10. The electrical contacting device of claim 1 wherein 
said electrically conductive regions are covered by 
an electrically conductive film with lower material re- 
sistance than the material resistance of said re- 
gions, and wherein said film is corrosion resistant. 

11. The electrical contacting device of claim 1 further 
comprising anchors on the surface of said conduc- 
tive regions for anchoring said contacting device to 
said fuel cell components. 

12. The electrical contacting device of claim 11 wherein 
said anchors comprise pins which are insertable in- 


to said fuel cell components. 

13. The electrical contacting device of claim 5 wherein 
said carrier layer bears electronic circuits. 

5 

14. The electrical contacting device of claim 4 wherein 
said carrier layer comprises openings formed there- 
in for rendering said carrier layer more flexible. 

10 15. A fuel cell assembly comprising a fuel cell stack and 
an electrical contacting device mounted on a face 
of said stack, said device comprising a flexible print- 
ed circuit board with electrically conductive regions 
which are in electrical contact with fuel cell compo- 

15 nents of said fuel cell stack. 

1 6. The fuel cell assembly of claim 1 5 wherein said flex- 
ible printed circuit board is fastened to said stack 
using fasteners. 

20 

17. The fuel cell assembly of claim 15 further compris- 
ing a compression device for urging said flexible 
printed circuit board against said face of said stack. 

25 1 8. The fuel cell assembly of claim 1 5 wherein said flex- 
ible printed circuit board is in interlocking engage- 
ment with said stack. 

1 9. The fuel cell assembly of claim 1 5 wherein said f lex- 
30 ible printed circuit board and said fuel cell stack 
have similar thermal expansion factors. 
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